The Hartmann procedure (end colostomy) remains a common operation for diverticulitis requiring surgery. However, the timing of subsequent colostomy reversal remains widely varied, and the optimal timing remains unknown.
A cute diverticulitis is a significant health care burden in the United States, representing more than 300 000 hospital admissions each year. 1 Although many patients successfully undergo nonoperative management, a small proportion will require surgical intervention owing to medically refractory or aggressive disease. 2, 3 Patients requiring surgery for diverticulitis will often undergo the Hartmann procedure, which entails the creation of an end colostomy. 1, 4 This procedure can be lifesaving, but patients are left with the challenges of managing an end colostomy, and thus, early restoration of bowel continuity is a subsequent priority for many patients. 5 Timing to colostomy reversal is largely surgeon based, and common practice includes waiting a period of several months before colostomy reversal to allow postsurgical inflammation to subside and to mitigate difficult reoperations owing to intra-abdominal adhesions. [5] [6] [7] [8] [9] Given the lack of guidelines, timing to reversal is widely variable. Several small, institutional studies [6] [7] [8] [9] [10] have had contradictory results, with conclusions advocating for reversal after 3 months, after 4 months, after 6 months, before 4 months, and before 9 months. Optimal timing to colostomy reversal is unknown and has been difficult to study owing to the inability to track patients across hospital admissions and years in large databases. This situation has limited the study of outcomes of independent patients undergoing multiple procedures across multiple years. However, the Healthcare Cost and Utilization Project (HCUP) State Inpatient Databases have emerged as an important tool to track patients across multiple admissions through multiple years. Therefore, the state databases were used to investigate the association of timing of colostomy reversal after diverticulitis with operative outcomes and patient characteristics. We hypothesized that early reversal was no different than later reversal in terms of mortality and complications.
Methods

Study Design
This study was a retrospective study of the HCUP State Inpatient Databases. This study was approved by the investigational review board of Yale University, New Haven, Connecticut, which waived the need for informed consent for use of deidentified patient data.
Data Source
The State Inpatient Databases for California (January 1, 2010, through December 31, 2012), Florida (January 1, 2013, through December 31, 2016), and Maryland (January 1, 2013, through December 31, 2015) were pooled in this analysis. Not all states have variables available to link patients between admissions. Therefore, California, Florida, and Maryland were selected as states with geographically, socioeconomically, and regionally diverse representation, large populations, and the necessary variables available. In addition, the State Inpatient Databases allow tracking of patients from the index operation through all subsequent readmissions within each state. The most recent available years were obtained for each state. The State Inpatient Databases are curated by the Agency for Healthcare Research and Quality, and this project was conducted with their approval.
Data Elements
The HCUP State Inpatient Databases include information on patient demographics (age, sex, race, insurance, etc) and hospitalization (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM], codes for ≤25 diagnoses and procedures, length of stay [LOS] , in-hospital death, etc). Race is a variable collected by HCUP and was included as a variable in this study to address findings of disparities in colostomy reversal that have been previously observed. 11, 12 Primary outcomes of interest in this study after colostomy reversal were mortality, hospital LOS, transfusion, ileus, major complications, and 90-day readmissions. Major complications were assigned by ICD-9-CM diagnosis codes as previously demonstrated 13 and included intra-abdominal abscess, anastomotic leak, sepsis, pneumonia, pulmonary failure, myocardial infarction, venous thromboembolism, acute renal failure, postoperative hemorrhage, and gastrointestinal tract bleeding. Prolonged LOS was defined as LOS in the top quartile for colostomy reversal (>7 days).
Patient Selection
Patients with colostomy (ICD-9-CM codes 46.10, 46.11, and 46.13) for diagnosis of diverticulitis (ICD-9-CM code 562.11) were linked to their colostomy reversal (ICD-9-CM codes 46.50 and 46.52). To describe the proportion of patients with at least 1 year of follow-up who underwent reversal within 1 year, a descriptive cohort of patients was selected who had their index surgery more than 1 year before the end of data in each state (n = 7165). To compare outcomes of patients who underwent reversal, the prognostic cohort contained all who underwent the procedure regardless of follow-up time (n = 3711). To select for only patients who did not have complications as a result of their index procedure, patients who were readmitted between the index operation and reversal were excluded. Patients undergoing reversal after 365 days were also excluded, for a final prognostic cohort of 1660 patients.
Time to Reversal
To assess the association of timing with outcomes, time to reversal was divided into early, middle, and late categories. In
Key Points
Question What is the association of the timing of colostomy reversal with postoperative outcomes in patients who underwent the Hartmann procedure for diverticulitis?
Findings In this study of 1660 patients from State Inpatient Databases, less than one-third of patients underwent colostomy reversal within 1 year after end colostomy for diverticulitis. Socioeconomic disparities were seen in time to colostomy reversal, and prolonged length of stay and 90-day readmissions were significantly more likely in the late compared with the early reversal groups.
Meaning Colostomy reversal is safe as early as 45 to 110 days after the Hartmann procedure for diverticulitis in selected patients.
the absence of any formally accepted guidelines, these categories were chosen statistically, by tercile group, to remain impartial and describe the entire breadth of practice. Early reversal was defined as 45 to 110 days; middle reversal, 111 to 169 days; and late reversal, 170 to 360 days. Given that less than 1% of individuals underwent reversal before 45 days, these individuals were excluded as outliers. To address a direct comparison of earlier and later reversal groups, 2 sensitivity analyses were performed for reversals before 90 days and before 60 days vs later reversal.
Statistical Analysis
Data were analyzed from December 1, 2017, through May 31, 2018. Outcomes were compared among all groups using logistic regression adjusted for Charlson comorbidity index and age. To determine patient characteristics associated with reversal timing, additional multivariable logistic regression analysis was performed with adjusting for age, sex, race, comorbidity, and insurance status. Two-tailed P < .05 was considered statistically significant. Analysis was performed using SAS software (version 9.4; SAS Institute Inc).
Results
Timing of Reversal and Patient Characteristics
In total, 7165 patients with at least 1 year of follow-up were identified, and 2028 (28.3%) underwent reversal within 1 year. were more common in the late compared with the early reversal groups ( Table 3) . After adjusting for patient age and comorbidities, there was no significant difference in hospital 90-day mortality, transfusion, ileus, and major complications (Table 4) . However, prolonged LOS (OR, 1.62; 95% CI, 1.19-2.21; P = .002) and 90-day readmissions (OR, 1.61; 95% CI, 1.18-2.22; P = .003) were significantly more likely in the late vs early reversal groups (Table 4 ).
Sensitivity Analyses
We compared patients with reversals earlier than 90 days (249 patients) directly with those with later reversal. This comparison (eTable 1 in the Supplement) showed no difference in hospital 90-day mortality, transfusion, ileus, major complications, and prolonged LOS but did show that reversal before 90 days was associated with significantly reduced chance of Line graph depicts the number of colostomies reversed by the number of days after the index operation for diverticulitis.
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90-day readmission (OR, 0.57; 95% CI, 0.36-0.83; P = .005) compared with later reversal. In addition, we compared patients with reversals earlier than 60 days (44 patients) directly with those with later reversal. Observed complication rates were lower in the patients undergoing reversal within 60 days compared with later reversal, although this was not a significant difference (eTable 2 in the Supplement). We found no significant differences in hospital 90-day mortality, transfusion, ileus, major complications, prolonged LOS, and 90-day readmissions between these groups.
Discussion
After undergoing colostomy for diverticulitis, early reversal is a priority for many patients; however, little is known about the association of reversal timing and outcomes. This study of 1660 selected patients with uncomplicated postdischarge courses demonstrates that mortality and complications were similar between reversal times within 1 year, but that earlier reversal was associated with decreased LOS and fewer readmissions. These data suggest that colostomy reversal as early as 45 to 110 days is safe for selected patients with an uncomplicated course. Previous studies looking at this question have had contradictory results, likely owing to small groups studied at select institutions and difficulty in following up patients after the index surgery. 5 For example, Roe et al 7 retrospectively divided 69 patients between those who underwent reversal before and after 4 months and recommended early reversal after finding complications in 24% of early reversals and 35% of late rever- sals. Pearce et al 6 analyzed 80 patients and concluded that reversal was safer after 6 months, finding 3 deaths and 4 septic complications in patients before 6 months and none after 6 months. Fleming and Gillen 8 investigated 110 patients and recommended reversal before 9 months, showing similar complications between those undergoing reversal before and after this time frame. Comparatively, our study was able to link a much larger number of patients who underwent colostomy for diverticulitis to their colostomy reversals using the HCUP State Inpatient Databases and track patients across numerous institutions and multiple years. Subgroup analyses of patients undergoing reversal before 90 days and before 60 days show similar complication rates to those of later reversal groups and suggest that selected patients with an uncomplicated course may not need to wait an arbitrary 3 months for reversal. Although these results are encouraging, fewer patients underwent reversal before 90 days (n = 249) and 60 days (n = 44), so one cannot rely on these data to prove noninferiority; more study is needed to confirm these results.
This study also demonstrates that it is exceedingly rare for a colostomy to be reversed sooner than 45 days after diverticulitis (<1%). The distribution of timing to colostomy reversal in this study was similar to that of other studies evaluating stoma closure, even including temporary ileostomies and cancer resections. [13] [14] [15] [16] Interestingly, small studies in diverting ileostomies have suggested that patients may undergo reversal as early as 8 days after the index surgery and that earlier reversal may be associated with cost savings. 17, 18 Contrarily, reversal of an end colostomy after diverticulitis is more morbid than reversal of a diverting ileostomy, 5, 19 and this study confirms that very few surgeons attempt closure earlier than 45 days. However, this study demonstrates that although colostomy reversal seems to be safe for patients with an uncomplicated course less than 90 days after the index operation, most patients will wait longer than 130 days to have their colostomy reversed. Future study should be focused on the barriers that prevent timely colostomy reversal in these suitable candidates with an uncomplicated course. This study also suggests that additional factors determine whether a patient obtains an early colostomy reversal, which may not be medical. Interestingly, among this group of patients with an uncomplicated course, Charlson comorbidity index was not independently associated with timing of reversal, but age was strongly significant. This finding is consistent with that of a previous study 20 but contradicts other studies that found comorbidity as a significant reason why end colostomies were not reversed. 21, 22 However, the present study only analyzed patients who did, in fact, undergo reversal within 1 year. Therefore, this group was selected by a surgeon to be suitable candidates for reversal. Because it is unlikely that a patient's comorbidities would change within 1 year and make them a more suitable candidate after an arbitrary number of months, it is not surprising that Charlson comorbidity index was not independently associated with timing of reversal in this study.
As an unexpected finding, insurance status had the most robust independent association with early reversal, and race also had an independent association. Previous studies have also variably identified socioeconomic disparities in the rates and timing of stoma closure. 20, 21 Zafaretal 11 found lower rates of stoma reversal among black compared with white patients but did not track individual patients and instead compared national formation rates to closure rates. Alternatively, Gunnells et al 12 did not find a racial disparity in a single-institutional study within 1 year 
Conclusions
Less than one-third of patients undergo colostomy reversal within 1 year after end colostomy for diverticulitis, and reversal timing is associated with socioeconomic disparities. In selected patients with an uncomplicated course, improved outcomes are associated with earlier reversal, and colostomy reversal is safe as early as 45 to 110 days after the index procedure. 
